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AN NDA TECHNIQUE FOR THE NSAY OF
WETPLUTONIUMOXALATE

R. S. Marshall and T. R. Canada
Los Alamos National Scientific Lzbo?atory

Los Ala.mos, I!ew Mexico

ABSTRACT

A method has been developed LO quantitatively ❑easure batches of wet
plutonium oxalate. The method is based on a count of coineici~nw neutrcns
to which a correction is applied fo:’ the effects of neatron moderatiofl by
wate?. A thermal-neutron coincidence counter (TNC) wit’n two concentric
rings of 3He detectors provides the signal needed ?or the water correc-
tion. The signal is the ratio of neutron counts between the detect~r
rings that changes with the percent of water in plutonium oxalate.

To evaluate the measurement technique, 26 bat.c!les of plutonium oxalate
were measured in an in-line TNC, The evaluation showed th meaz~rernents
to be essentially unbiased and precise to 2,2%.

INTRODUCTION

Plutonium is purified at the Los Alamus Scientific Laboratory (LASL)
Plutonium Proc!esring Facility by ion exchange and selective precipitation
processes. The selective precipitation process m~st frequently used is
plutonium oxalate precipitation. The processing is performed on a batch
basis; each batch containq about a kilogram of’ plutonium.

Figure 1 shows how piutoniuz oxalate precipitation fits into a sequencv
of impure plutonium dioxide processing steps. To ❑eet the requirements of
the facility’g near-real-time accountancy system, which is based on the
DYnamic Materials Accountability (DYMAC)System, the input and output o!’
each process step must be ❑easured quickly and accurately. The measure-
ment points in the major product stream are indicated in the figure. For
the piutonlurn oxalate precipitation step, samples of the incomjng Dluto-
nium n~trate are assayed In an in-line solution azsay instrument, using
gamma-ray spectroscop.v.l

Accurate measurement of the outgoing wet plutonium oxalate is diffi-
cult bccaune the mater.tal is highly vtiriable in water content (30-65 wt%),
:.lnd inhomogcneous, Coincidence ncutt’on counting is a promis[ng tcchrl~que
for asonying large quantities of plutonillm oxalate If’ cor’rcctlcins c;ln b):
made for the effects of the varying water content. The presence of water

~n plutoni,urn compounds increases the coincidence [Icutron count rate per
gram of plutonium duo to sumple s~lf-multiplication mId lncr’e:l~r?d counter’
det~ction cfficicncy, Neutrons generate
the cvm-numkered plut,onlum isotopca, 2311P:Y :ll;;;p’’::’;r’:t!;l:’::e’:::f’~ “r

? ,, ,,-
vrtitcd from nn initial nveragc cncrpy of ibouL 1 M:?Vto t.h(!rmal Icve]s
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Figure 1.
Plutonlurn purific~tlon process steps and accountancy measurements,

of 0,0, “~ d by protoa collision. Thermal neutrons have a high probi]bil~ty
239puand 241Pu.of JrrtlII .i:l}; fissions In the IYssile plutonium isotopes,

Pluton?l:m-;?j9 is tha pr~neipal isotope in ❑ost of the plutonium processed
at VI(! pl:ltoniurn !%cility. For large batches o!’ plutonium oxalate, the
COllt,n; !liltJIOll of coinct(iuncc neutrons from lncluccd fissions is ql’ite laf’ge
cnmp:l:’[.tl to tho haw?llrr~ Coincidence signal from spontarleous fissioning
Isotnp(’!:.



(a)

(b)

(c)

a special TNC that provides a signal proportional to the a-{erage
neutrcn energy,

a ❑athematical ❑odel that uses this signal and the coincidence
neutron cc.r,’> rate to calculate ❑ass of plutonium, and

the results of .an in-plant evaluation of this technique h’hen
applied to the assay of plutonium oxalate.

EXPERIMENTAL

Figure 2 shows the major componc.lts of a special in-line TNC used .or
assaying the plutonium oxalate. The important feature of this instrumen:
is the two rings of 3He detectors arranged concentrically around the
cylindrical counting well. The inner ring of detectors is separated from
the counting well by 11 mm of polyethylene; the outer ring is separated by
an additional 33 mm of polyethylene. The different thickness of moder-
ating polyethylene between the detector rings and the central counting
well makes the inner ring ❑ ore efficie~t tt,an the outer ring for detecting
the low energy neutrons emitted from the sa~ple. As the plutonium materi-
al matrix becomes ❑ ore moderating (as, for example, pllltoniurn oxalate
with increasing percentages of water) the inner’ ring detection eff’icicncy
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increases relative to that of the outer ring. The ratio of counts between
the inner ring and outer ring, the ring ratio, is then proportional to the
s~imple mode~ation.

The TNL was calibrated with SIX PU02 standards varying from 5 to 460 g
of plutcnium, Since the isotopic composition of plutonium varies, the uan-

240Pu effective, where mass 24aput:ty of pl’dtonium is best expressed as
e~frctivc is 8de?ined as that ❑ ass of 24 Pu tha

&“’’0u3f/opu a.dyield th~U~ame spon-
tancozs fission neutron flux as the ❑ ass of 23 Pu, , , Pu ac-
~,:]:~~],y mel.~il~~d. Figure 3 shows the
i:: the least oquzres fit to the data

b
M=aR ,

~!l,?re M jg the ~40pu effective mass,
r’at,e, and a and b are constants that

PU02 calibration data. The solid line
points of the function

(1)

R is the coincidence neutron. :ount
describe the counter efficiency and

L :.L,)(: sample rc.~l.tiplication, respectively.

?i)r ,sm~l.1 masses Or plutonium, the coincidence neutrcn count rate R
in~;.,:,:~,>s linearly with ❑ass and the mass equation”M = aR applies. As

,m.1::.~increa.scsl induced Fissicm!.ng contributes increasingly to R, and the
cxponentia] term b in Eq. 1 accommodates this induced fission component.
T!,c upprr curve in Fig. 3 illustrates the R observed from plutonium oxa-
l.nt.e containing 40% water. Haa the plutonium oxalate contained a higher
pl.J.-Pt’rltag L’ 0!- Wate?, a curve ~itli =n even steeper slope would be observed.
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To accommodate the varying percent water e:”fect for large plutoni).im
rnas9es, the exponential ;erm b is ❑ade a function of the rir,g ,’atio, r:

M=aR
b(r)

. (.?)

To determine the form of the term b(r), Eq. 2 was solved as foliows:

b(r) =
lnM-lna

in R . (3)

Data for M and R were obtained by counting 19 batches of plutonium oxalate.
Each batch of plutonium oxalate was sampled and the samples were destruc-
tively analyzed for weight pe~cent plutonium and Isotopic composition.
The plutonium mass per batch varied from 747 to 926 g. The water contenb
in the 19 b~tches varied from 34 to 54 wt%, causiW the mass 240PU

effective (calculated using Eq. 1) to be biased 11 to 87%, rc$pectively.
A b(r) value was then calculated for each batch and the values plotted
versus the corresponding ring ratio values. The results a:’e sham in
Fig. 4. The one-sigma error bar shown is typical for all the data points
ard inc.lud~~s uncertainties associated with M, a, and R. These data were
fitted to a straight line using a least-squares-fitting technique; the
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result is illustrated by the solid line in Fig. 4. This linear relation-
C“;T;Phas subsequently beefi shown to be valid ove~ a water range of 30 to,4...
Lo Wt%. At ❑ore than 60 wt% water, the plutonium oxalate changes from a
wet, lurnpj solid to a slur~y and b(r) ceases to be linear. Substituting
the straig!!t-line equation form for the exponential constant b of Eq. 1
.gtves the following mass equation for plutonium oxalate:

To dst~’r-mine the overall accuracy of t)lis technique as
IJ:OCW:;S pl’rso:lnel in the plutonium facility, an evaluation

“(4)

employed by
was performed

!ising 26 batches of plutonium oxalate. Mcasurernent information was used
~:.om the c?lcination process step that follows the plutonium cxalate meas-
upem{-::lt (set? Fig. 1).

13 the calcirntion p~ocess step, pa~rs of plutonium o.’:alate batches
:1-c csmbined and calcined to PU02. The PU02 is weighed and the weight
‘r: m[~ltipl!ed by a plutonium assay factor to obtain rn.iss c? plutonium..,.
The combined uncertainties (incluling spillage, d~lstlng, weighing, and
cl.;s3y factor uncc~tainties) associated with this ❑ethod of determining
plutonium mass in paired batcheo of plutonium oxalate 1s only 0.33%.

Rrcausc of the in!mrnogeneous nature of the batches of plutol]iurn oxalate,
u:;infl Lhe Calculated PU02 weight times W’I asw’ factor to calculate
plutonium ma.vs Is as ,accurate as the destruct~ve analysis of plutonium
~x:(late sample3.

Fifl]re 5 S!]OWS the difference between the plutonium oxalate tneasure-
:nl‘nl.:: In t.hc TNC and the calcincd Pu02 values. The predicted mea.]urement
Irl’’’’sin!iy!.y (w!llch ~ncludea the uncertainties associated with the PU02
[=:11ihl’rnti on, t}lc eo!l:;t:lnts in Eq. 4, ~nd the countinC statistics) is 2,C%
I:)(! 1:; il lli:;tr’at.l~ri a.’: :ln error bar on the data point 93. The tiata for the
p:ii IJi)ij ;’lj b:,’(n!lf?:: or plutorl~um Oxalatc show a sta~dard dcvlation of 2,,?$,
w!]:“tl i!: i n ~:,-i)d :I};fw:l!mcnt ~it’n the predl. ct~. d uncorta~!lty, The observed
b..,.,,1,1.,, -0.8%, 1:3 :;hf)wn a3 n solid Itne ~.n F~g. 5, Ttv? accurary of these
rn,ll~:::ll’,?fn(’fll:: i:: p:l:’tirwlrlvly lrnpres:~lvc h’lIerI OIIC considers that: (a) all
~lf’ LtIII ml:l::llt’l’:nl>rll. I“!’I!,:I u:!rd for the ev:~lu.~tion wcru gcrerated by pI-OCW},q
ptj!’::lvlrlfjl dlir’i!lf~ I’ollt.i nc procoss ~ngl. (b) cnc!I pllitoniurn oxal,ate rnerinur-e-
m,’ fi!, !.,,(~li:.t,fj 1!,:::; L! I;I:I 10 m{ flu!,c:sl :~:)ct (c) Lhc? TNC was in opcratinn for ~
mltl Lll:: WI :,lll)lit, ;IrIy ISI!I):I!.V:.; OIS ridjustmnnt:.;,
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Figure 5.
Difference, in percent, between plutonium oxalate measured a,~

wet plutonium oxalate and as calcined plutonium dioxide.

runge of’ 750 to 1100 g, It is quite likely that the method can be aDP1.ied
with equal success

eratlng ❑atrices.
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